® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



lllliiliilliiiil 

0 Publication number: 0 684 750 A2 



EUROPEAN PATENT APPLICATION 



® Application number: 95107646.2 
@ Date of filing: 19.05.95 



® Int. CI.": H04R 25/02 



® Priority: 27,05,94 rr GE940067 


0 Applicant: ERMES S,r.l. 




Via Cesarea 15 


@ Date of publication of application: 


1-16121 Geneva (IT) 


29,11,95 Bulletin 95/48 






@ Inventor: Racca, Luca 


® Designated Contracting States: 


Via Cesare Battisti 2/2 


DEFRGB 


i-16121 Geneva (IT) 




0 Representative: Karaghlosoff, Giorgio 




Alessandro, Dipl,-Phys, 




Via Pecorile 27/B 




M7015Celle Ugure, 




Savona (IT) 



@ In the ear hearing aid. 



CM 
< 

O 

in 

00 



® An in ttie ear (I.T.E.) hearing aid is formed by an 
ogival body (1) which is meant to be removably 
inserted into the acoustic meatus of the external ear, 
and inside the ogivat tx>dy (1) there being ac- 
comodated a microphone (2) comunicating (3) with 
the extemal enviroment; an amplifier (4) being con- 
nected to the microphone (2); an electric-acoustic 
transducer (5). so called receiver, connected to the 
output of the amplifier (4) and comunicating with the 
duct (401, 501) having one opening at the internal 
end of the ogival t>ody (1); and a housing for one or 
more piles or batteries for the hearing aid electric 
feeding. According to the invention, the electric- 
acoustic transducer (5) comunicates with a branched 
duct (501) branched off a longitudinal through duct 
(401) with Its one end debouching at the extemal 
end of the ogival body (1) and with its other end 
debouching at the internal end thereof, which ducts 
are so provided that any cerumen and any further 
possibly occurring liquid secretions of the ear are 
not allowed to get into the branched duct (501) or 
reach the electric-acoustic transducer (5). 
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The invention concerns a I.T.E. in the ear hear- 
ing aid formed bv afi-oqival body yyhich is mea nt to 
be removably inserted into the acoustic meatus of 
the extemal ear. wi tfi its apex turned inwardly and 
wi th its opposite, p articularly cut off ed turned 
outwardly, and inside the ogival body there being 
accomodated a mic rophone communicatin o with 
the e xtemal enviroment actoss^t he extemal side of 
the ogival txxJy; an a mplifier, with its input con- 
nect ed to the micropho ne: an e[ectro-acoust ic tran- 
sducer, ^jq^call^jewDeive^^ connected to the am- 
plified output of the am plifier and comunicating 
with a duct^having its outlet at the Intem al end of 
th e ogival t>odv : and a housing for one or more 
piles or batteries for the hearing aid electric feed- 
ing. 

In the following description and in the claims, 
the terms intemal and external are referred to the 
hearing aid in inserted condition ito the acoustic 
meatus and in connection with a user's head in its 
upright position. 

Cerumen is presently the main cause of dam- 
ages to or of a misfunctioning of a in the ear 
hearing aid. Indeed the duct communicating with 
the receiver is directed with a substantially straight 
course towards the intemal end of the ogival body 
and substantially parallel to the acoustic meatus. 
Thus cerumen m ay easily get into th e duct. While 
it is possible, on the one hand, to obviate to any 
occlusion which may occur in the duct by periodi- 
cally disassembling the hearing aid and removing 
any cerumen therefrom, it is impossible, on tiie 
other hand, to protect the receiver against the 
chemical action of cerumen which produces ir- 
reversible damages. Particulariy for the users of in 
the ear hearing aids, also the action due to liquid 
secretions having various causes, such as a simple 
cold, an otitis, an allergy and increased sweating 
promoted by an occlusion of the acoustic meatus 
owing to the presence of the hearing aid adds to 
the action of cerumen. Thus, the mean life of the 
receiver, which under normal conditions ranges be- 
tween six months and one year, is presentiy re- 
duced to a few days or a few weeks, despite the 
various attempts to obviate the said disadvantages, 
such as, for example, by the provision of small 
grids at the outiet of or within the duct commu- 
nicating with the receiver or of a small hole pro- 
vided between the receiver and the outlet of the 
apparatus. 

The objects of the invention therefore are to 
improve an in the ear (I.T.E.) hearing aid of the 
kind as described at outset, so as to ot)viate to the 
aforementioned disadvantages, by a simple and not 
much expensive arrangement as well as to improve 
not only the mean life of the receiver but at the 
same time also the way of functioning af the hear- 
ing aid. 



Ihe invention achieves the said objects by an 
in the ear (I.T.E.) hearing aid, in which the receiver 
communicates with a second duct branched off the 
longitudinal through duct with its one end debouch- 

5 ing at the extemal end of tiie ogival body and with 
its other end at the intemal end thereof, which 
ducts are so provided that any cerumen and any 
further possibly occuring liquid secretions are not 
allowed to get into the branched duct or reach the 

10 receiver. 

Advantageously the branched duct which 
comunicates with the receiver, is branched in the 
upward direction off the from the upper side of the 
longitudinal ttirough duct. More particularly the lon- 

15 gitudinal through duct is provided in the lower 
region of the ogival body. 

According to a further feature, the branched 
duct communicating with the receiver is inclined 
relative to the axis of the longitudinal through duct 

20 in the direction of the interna end of the ogival 
txxly and the receiver is tumed toward the extemal 
side of the txxly itself. 

Thanks to these measures, any cerumen and 
any different liquid secretions cannot reach the 

25 receiver in any way, whereby the danger of a 
chemical action on the receiver is effectively avoid- 
ed. In ttie case of an occlusion, the longitudinal 
through duct can be perfectely cleaned, for exam- 
ple, by means of a small brush or the like. The 

30 inclination of the branched duct toward the intemal 
end of the ogival body, with reference to the axis of 
the longitudinal through duct, allows to avoid that 
the small brush, when being inserted into the lon- 
gitudinal through duct from the intemal end of 

35 thereof and pushed toward the opposite end of this 
duct, may drive the cerumen into the branched 
duct. 

The longitudinal through duct also constitutes a 
duct for the acoustic waves coming directly from 

40 the extemal enviroment to be mixed with the 
acoustic waves being amplified by the hearing aid. 
Moreover this duct may also constructin of this 
body is achieved by means of suitable moulds 
which are shaped on the user's ear and by means 

45 of reproduction techniques usually applied also to 
other medical fields. The ogival body may be made 
of any suitable material and is inserted into a 
user's ear so as to have its end corrponding to the 
apex of the ogival body tumed toward the eardrum. 

50 and its opposite cut off end tumed outwardly. 

The ogival body 1 is completely hollow and 
comprises a chamber 101 in which is accomodated 
a microphong^^communicating with the outside 
through a duct 3. The duct 3 debouches at ttie 

55 extemal end of the t>ody 1. The microphone 2 is 
connected to the input of an amplifier-circuit 4 
which is advantageously fitted to the inner wall at 
the extemal end of the ogival txxiy 1 in an adjoin- 
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ing relation with a housing (not shown in detail) for 
a feeding micro-batte ry. The housing for the nnicro- 
battery is provided in the end w ail 20 1_at the 
external end of the ogival body 1 afSln the Rg- 
ures only the co ver 301 for closing the housing at 
its outward side is visible. The ^gcoustic waves a re 
ca^jt ured by the microphone 2 and are transfo rmed 
in to^ electric signals which are amplified and t rans- 
mitted to an electro-acoustic transducer_ 5. so 
called recei ver, which transforms again the^ am- 
plified el ectric signals again into acoustic wav es 
and-w hich is connected to t he amp lified outp ut of 
t he amplifier 4. Th e electro-acoustic transducer 5 Is 
arranged over a d uct 40 1 which extends along the 
lower region of the ogival body 1 and is separated 
from the chamber 101 In which the microphone 2, 
the amplifier 4 and the transducer 5 are ac- 
comodated. The duct 401 extends in t he long itudi- 
nal dir ection of the ogival body 1 a n d on one g ide 
ope ns at the constructin of this body is achie ved 
by . means of suitable moulds which are shap ed on 
the user's ear and by means of reproduction t ech- 
ni ques usually applied also to other medical fields. 
The ogival body may be made of any suitable 
material and is Inserted into a user's ear so as to 
have its end corrponding to the apex of the ogival 
body turned toward the eardrum, and its opposite 
cut off end turned outwardly. 

The ogival body 1 Is completely hollow and 
comprises a chamt^er 101 in which is accomodated 
a microphone 2 communicating with the outside 
through a duct 3. The duct 3 debouches at the 
external end of the body 1. The microphone 2 is 
connected to the input of an amplifier-circuit 4 
which is advantageously fitted to the inner wall at 
the external end of the ogival body 1 in an adjoin- 
ing relation with a housing (not shown in detail) for 
a feeding micro-liattery. The housing for the micro- 
battery Is provided in the end wall 201 at the 
external end of the ogival b»ody 1 and in the Rg- 
ures only the cover 301 for closing the housing at 
its outward side is visible. The acoustic waves are 
captured by the microphone 2 and are transformed 
into electric signals which are amplified and trans- 
mitted to an electro-acoustic transducer 5. so 
called receiver, which transforms again the am- 
plified electric signals again into acoustic waves 
and which Is connected to the amplified output of 
the amplifier 4. The elect ro-acoustic transducer 5 is 
arrangftri over a diint 401 whirh e xtends alon g the 
lOY /er region of the ogival body 1 and is separated 
fror ii the chamber 101 in whichJh&Jiucrophone 2. 
t he amplifier 4 and the transducer 5 are ac- 
comodated. The duct 401 extends in the longi tudi- 
nal directio n of the ogival body 1 and on one side 
opens at the extemaLe nd and on the other si de at 
the intemal end . I. e. at the apex, of the ogival 
body 1. In the apex area, the longitudinal through 



duct 401 opens substantially in a median position 
with respect to the ogival body 1 and to the cross- 
section of the acoustic meatus, i. e. radially apart 
from the walls thereof. The longitudinal through 

5 duct 401 has an undulated, approximately 
sinusoidal, shape in the vertical plane, the end 
section of the duct at the intemal end of the ogival 
body 1 presenting a concave depression, and the 
end section of the duct at the external end of the 

10 ogival body 1 being formed by a substantially 
straight segment, and intermediatly t>etween these 
two end section a buckle is provided, at the top of 
wich a branched duct 501 Is branched In the up- 
ward direction off the upper side of the duct 401 

75 and is set in communication with the electro-acous- 
tic transducer 5. The branched duct 501 is inclined 
relative to the axis of the longitudinal through duct 
401, in the direction of the Intemal end of the 
ogival body 1. The branched duct 501 is slightly 

20 arcuated toward the longitudinal through duct 401. 
and the axis of its end connected to the electric- 
acoustic transducer 5 fonms an angle with the axis 
of the longitudinal through duct 401 which is more 
acute than the angle at its end branched off there- 

25 from. The electro-acoustic transducer 5 is oriented 
in the opposite direction to the direction of trans- 
mission of the acoustic waves to the eardrum, i. e. 
toward the extemal end of the ogival t)Ody 1 . 

Cerumen and any other possibly occuring liq- 

30 uid secretions, such as sweat or secretion of dif- 
ferent nature, accumulate in the longitudinal 
through duct, particularly in the region of the con- 
cave depression in the intemal edn section of this 
duct. Since the accumulation of cerumen and liquid 

35 secretions grows from the inside toward the out- 
side, owing to the inward inclination of the 
branched duct 501, the cerumen and the secre- 
tions cannot get Into the branched duct and reach 
the transducer 5 even in the case of great amounts 

40 of cerumen and secretions, whereby any damage 
to the transducer due to chemical action is effec- 
tiveky avoided. In the case of the longitudinal 
through duct becoming occluded, this duct one can 
be easily and completely cleaned, by extracting the 

45 hearing aid and by using a suitable small brush, 
tut)e-brush. or the like, which is lead through the 
interior of the longitudinal through duct 401. The 
accumulated material can be pushed out of the end 
opposite to the end used for the insertion of a 

50 small brush or a cleaning implemet Into the longitu- 
dinal through duct. In this case, the small brush or 
the cleaning implement is advantageously inserted 
from the intemal endside of the ogival body 1 and 
directed toward the extemal endside of thereof. 

55 since owing to the inward Inclination of the 
branched duct 501 communicating with the elec- 
tric-acoustic transducer 5, there is no danger that 
part of the accumulated materialmay be driven into 
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the branched duct 501 with a cleaning innplement. 

Advantageously, the side of the branched duct 
501 which is turned toward the internal end of the 
ogival body 1 extends by a little distance into the 
Interior of the longitudinal through duct 401. thus 5 
forming a deflecting wing 601. Therefore, both in 
the case of the growth of cerumen accumulation 
and during cleaning, the accumulated material is 
further deviated away from the branched duct 501 . 

Referring to Rgure 1, the longitudinal through io 
duct 401 can be kept always open. In this case, a 
mixing is obtained of the acoustic waves coming 
directly fron the outside with the acoustic waves 
generated by the electric-acoustic transducer 5. As 
it appears from Rgure 4, the mixing rate between 75 
the directly transmitted acoustic waves and the 
acoustic waves generated by the electric-acoustic 
transducer 5 is adjustable and settable in depen- 
dence of the optimu m^ reouirements for a patient, 
by providing an element 6 for r ^udng or p artly 20 
thrott lLng the inlet cross-section of J he longitudinal 
thr ough duct 401 . wh ich element can be removably 
fastened, for example by shrinkage, by form-lock- 
ing or by screwing, thanks to complementary tap- 
pings at the terminal zone of the open jng of the 25 
longitudinal t hrough dtict'^1. o n the external end 
side of the ogival bod y 1. When It is des ired to 
elimin ate the d irect transmission of the acoustic 
waves to t he eardrum, it is possible to provide a 
plug TV for closing the ooenina at t he-extemal end 30 
of the l ongitudinal through duct 401. The pl ug 7 
can be stably connected to the ogival t>ody 1 , for 
example by means of a flexible connection element 
107. such as a string, a small bridge of material, or 
the like, whereby the danger of accidentally loosing 35 
the plug 7 Is avoided. 

In the outwardly closed condition .the longitudi- 
nal through duct 401. advantageously forms a reso- 
nance chamber for the acoustic waves emitted by 
the electric-acoustic transducer 5. With reference 40 
to Rg. 3, the plug T for the longitudinal through 
duct 401 may also constitute a tuning element for 
tuning the characteristic frequency of resonance in 
the cavity formed by the longitudinal through duct 
401 on a range of frequencies requiring a differen- 45 
tiated gain, particulariy an increased amplification 
relatively to other frequency ranges. This may turn 
to advantage when the frequency response of the 
ear varies depending on the frequency. In the 
example of Rgure 3. the plug T is formed by a 50 
threaded plug or pin thoroughly occluding the inner 
cross-section of the longitudinal through duct 401 
and being screwed in an internal thread in the end 
section thereof at the external end side of the 
ogival txxfy, whereby it is possible to adjust the 55 
depth of the pin or of the plug penetration into the 
longitudinal through duct 401. thus varying the 
characteristic frequency of resonance. The end 



side of the pin or of the plug is provided with 
means for clutching an implemet. such as for ex- 
ample, a diametral groove 107*. by which it is 
possible to rotate the pin. 

Obviously, a plurality of pins having a diferent 
lenght can be provided depending on the desired 
length of the longitudinal through duct 401 , i. e. of 
the field of regulation for the characteristic fre- 
quency of resonance. One or more integrated ele- 
ments (not shown) may be further provided which 
simultaneously perform not only the function of a 
plug but also the function of means for regulating 
the characteristic frequency of resonance and the 
function of means for mixing the directely transmit- 
ted acoustic waves with the acoustic waves trans- 
mitted by means of the hearing aid. For example, a 
threaded pin T may be formed with a coaxial hole 
107* of a predeterminated diameter which is asso- 
ciable with a removable plug for closing this hole 
amd ooor with a plurality of means for reducing the 
diameter thereof. 

Claims 

1. An in the ear (I.T.E.) hearing aid, formed by an 
ogival body (1) which is meant to be remov- 
ably inserted into the acoustic meatus of the 
extemal ear, with its apex tumed Inwardly and 
with the opposite, particulariy cut off end, 
turned outwardly, and inside the ogival body 
(1 ) there being accomodated a microphone (2) 
comunicating (3) with the extemal enviroment 
through the extemal end side of the ogival 
body; an amplifier (4) whrth its input being 
connected to the microphone (2); an electric- 
acoustic transducer (5). so called receiver, 
connected to the amplified output of the am- 
plifier (4) and comunicating with the duct (401 , 
501) having its opening at the Intemal end of 
the ogival iKxjy (1); and a housing for one or 
more piles or batteries for the hearing aid 
electric feeding, 

characterized in that 

the electric-acoustic transducer (5) 
comunicates with a branched duct (501) 
branched off a bngitudinal through duct (401) 
with its one end debouching at the extemal 
end of the ogival body (1) and with its other 
end debouching at the intemal end thereof, 
which ducts are so provided that any cerumen 
and any further possibly occurring liquid secre- 
tions of the ear are not allowed to get into the 
branched duct (501) or reach the electric- 
acoustic transducer (5). 

2. A hearing aid according to claim 1 , character- 
ized in that in combination with the longitudinal 
through duct (401) a cleaning Implement such 
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as a small brush, a tube-brush, or the like is 
provided, which can be inserted into the lon- 
gitudinal through duct (401) whereby the ma- 
terial accumulated in the longitudinal through 
duct (401) is pushed out of one of the ends of s 
this duct. 

3. A hearing aid according to claims 1 or 2. 
characterized in that means (7, 6) are asso- 
ciated with the longitudinal through duct (401), io 
which are preferably removably engageable in 
the end section of the said duct at the extemal 
end of the ogival body (1), and are provided 
for closing either completely the longitudinal 
through duct (401) or partially so at to obtain a is 
suitable reduction of the Inside diameter of the 
end section thereof. 



municating with the electric-acoustic trans- 
ducer (5) Is branched in the upward direction 
off the upper side of the longitudinal through 
duct (401). 

& A hearing aid according to claim 7, character- 
ized in that the longitudinal through duct (401) 
is porvided in the lower region of the ogival 
body. 

9. A hearing aid according to claim 7 or claim 8, 
characterized in that at the internal end of the 
ogival body (1) the longitudinal through duct 
(401) has its opening in a position approxi- 
mately coaxial, or median relative to the said 
end of the ogival body (1). in any case radially 
spaced apart from the peripheral walls thereof. 



4. A hearing aid according to claim 3, character- 
ized in that the removable means for partiy 20 
closing the longitudinal through duct (401) are 

in form of tubular inserts (6). such as small 
bushings or the like, for reducing or throttling 
the inside diameter of the longitudinal through 
duct (401) according to a predetermined mix- 25 
ing rate between the acoustic waves directiy 
transmitted to a user's ear from the outside 
and the acoustic waves transmitted by means 
of the electric-acoustic transducer (5). 

30 

5. A hearing aid according to claim 1 or to one or 
more of the preceding claims 2 to 4. character- 
ized in that means (T) are associated with the 
longitudinal through duct (401) for varying the 
characteristic frequency of resonance and con- 35 
sist of elements which are engageable in the 

end section of the longitudinal through duct 
(401) on the side of the extemal end of the 
ogival body (1) and which are adjustable rela- 
tively to their depth of penetration into the 40 
longitudinal through duct (401). I. e. for adjust- 
ing the length of the cavity of resonance 
formed by the longitudinal through duct (401). 



10. A hearing aid according to claim 7 or one of 
the preceding claims 8 or 9. characterized in 
that the branched duct (501) communicating 
with the electric-acoustic transducer (5) Is in- 
clined relative to the axis of the longitudinal 
through duct (401) in the direction of the inter- 
nal end of the ogival body (1 ). andthe electric- 
acoustic transducer (5) is tumed toward the 
extemal end thereof. 

11. A hearing aid according to claim 10, character- 
ized in that the branchedg duct (501) is ar- 
cuated toward the longitudinal through duct 
(401). 

12. A hearing aid according to one or more of the 
preceding claims 7 to 1 1 . characterized in that 
the wall on the side of the branched duct (501) 
tumed toward the internal end of the ogival 
txxJy (1) terminates at a small distance into the 
Interior of this duct (401), thus forming a de- 
flecting wing (601) for deviating the material 
accumulated into this duct (401) in the op- 
posite direction to the said branched duct 
(501). 



6. A hearing aid according to one or more of the 45 
preceding claims, characterized in that inserts 

are provided which are removably engageable 
in the extemal end section of the longitudinal 
through duct (401 ) and which at the same time 
constituite means (T) for adjusting the char- 50 
acteristic frequency of resonance, means (6) 
for adjusting the mixing rate as well as means 
(7) for completely closing the longitudinal 
through duct. 

55 

7. A hearing aid according to daim 1 and to one 
or more of the preceding claims 2 to 6. char- 
acterized in that the branched duel (501) com- 



13b A hearing aid according to claim 1 or to one or 
more of the preceding claims 2 to 12. char- 
acterized in that the longitudinal through duct 
(401) may have, in the vertical plane, an un- 
dulated, approximately sinusoidal shape, and Is 
formed with a concave depression in its sec- 
tion t)etween the branched duct (501) and the 
intemal end of the ogival body (1), the 
branched duct (501) being branched off the 
intermediate buckle, and the straight-shaped 
end section of the duct (401) declining toward 
the opening at the extemal end of the ogival 
body (1). 
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